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I 

The present invention relates to an apparatus and a method for coijverting power fron 
a power input to an output power supply, which apparatus comprises a serial reso 
nance converter containing at least two serial coupled semiconductor switches havinj 
a common output terminal connected to at least one first coil which coil can be a pat 
5 of a transformer having a second winding connected to a rectifier means, which recti 
fin means has its output connected to output temunals^ where a first feedlimcjk circui 
is connected fi:om the output temunal to an error amplifier, which error amplifier i 
connected to an iiq>ut at a control circuit, which ouQ>ut is connected over drive 
means to the wpvX of the semiconductor switches In serial with the primiaxy coil o. 
1 0 transfomier there is a serial resonant capacitor 

An apparatus as described above is known from the use of an integrated circuit L659i 
or similar. This integrated circuit comprises a current controlled oscillator which out 
put is connected over driver means to two inverse output texminals, v^ch are directly 

15 connectable to the input of semiconductor switches. The osciDator part in L6598 i: 
also connected to the outside tiirough a connecting terminal where this temiina] i 
connected to an cxt^nal capacitor that' together with two interxial current contiollec 
current goaerators set the frequency. An input signal at the integrated circuit is so con 
nected that dianges in current through this terminal lead to control of the firequency, I 

20 is achieved that the voltage over the connected capacitor is chan^g in a linear wa; 
between two voltage situatioz^. Each time the charge of fhe capacitor changes its sigt 
in charge current the oscillator changes its output from a first to a second value> whici 
over the drivers activates and/or deactivates the semiconductor switches. A feedbacl 
from the power output is used to control the size of the current used to charge or dis 

25 charge the capacitor and, thereby, to a change in the frequency of an oscillating systen 
form by extern components. The oscillating frequency is in normal operation oscillat 
ing over the resonance frequency^, where the feedback signal leads to a frequenc; 
change to a lower frequency near the resonance frequency if a higher load is needed. 

30 The scope of the invention is to improve and stabilize an output voltage having a fas 
response to a change in load. 



This can be acMeved vntt an apparatus or method if modified so that ihe appa 
further comprises a second feedback circuit leading a signal from a serial resox 
capacitor, which capacitor is connected to the first coil or transformer, to the osci 
part of tfie control circuity which second feedback circmit contains a signal depei 

In this way, it can be achieved that the oscillating firequency is under influence c 
signal that d^ends on the voltage at the capacitor connected in serial to the c< 
transformer. The voltage at the c^acitor connected to tbe first coil or transfozmc 

10 pends on Aie current Sowing throv^ the output of the powa supply. This means 
at high load, a v^ powerful signal will be transmitted directly to the input at tfa 
cillator pin in the control circuit This will change the operation of the circuit i 
charge mode operation. As the load on tiie otitput is rediuced, the mfluence of tiie 
ond feedback signal will be reduced, and the influence of the chaise mode is red 

1 5 and the operation mode changes back into a firequency mode of operation. At the j 
up of the power supply, there will be no signal at the second fe^back circuit, aa< 
whole start-up will take place in fi^quency mode. 

-The-second-feedbadCr^^t-ccm-be-connected-fr^m^ 

20 nected to the coil or transformer through at least one further capacitor where at 
one fiulher capacitor is connected to an eartibi connection. In diis way^ a reductic 
the voltage of die feedback signal can be achieved. Tbe degree of influence ca 
adjusted by changing the size of the two capacitors, hereby, it can be achieved tha 
change of operation mode starts its influence on demand, which is defined fton; 

25 size of tile capacitors. The output of the one or two c^acitors can be connected tc 
input tmiinal of the oscillator part of the control circuit through at least one capa 
and resistor. Hereby, it can be achieved that tlie signal of the second feedback circi 
reduced to a value that can be used effectively to influen«;je the charging and disci 

30 important in the design of new power supplies in that a very siit4>Ie change of a c 
ponent at a printed circuit bioard leads to a major change in function of the power 
ply. 
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Together with L6598 or similar circuits a second feedback circuit is needed. It con- 
tams an inverting amplifier, which output can be connected to the input terminal of the 
oscillator part through at least one capacitor and one resistor. Hereby, it can be 
achieved that the signal of the second feedback circuit is inverted and amplified to a 
value that can be used effectively to influence the charfiiog and discharging of the ca« 
pacitor connected to the oscillator pin on the conbDl cir«uiL 

The ou^ut of the inverting amplifier can be connected to a serial connection of a resis- 
tor and a further capacitor, which serial connection is coi^led in parallel to the capaci- 
tor. This can influence the characteristics of the signal that is created as a mix of the 
output fioro the inverter and amplifier and &om the constant current generators placed 
inside the integrated circuit These components generare the automatic change be- 
tween frequency-mode and charge-mode. 



The invention can also be described as a method for power control in serial resonant to 
the switch mode power converters operating in fi-equency mode by normal operation 
where a first feedback signal fix>m the output is converted to an input to switching 
means, and by increasing load, the mode of operation is changed into a chaise. mod& 
control by a second feedback signal, which second feedback signal is based on the 
20 actual charging cuirent on the serial resonant capacitor. 

hi this way, it is achieved that the start-up of the power converter takes^ place as usual 
m frequency mode, and where Ught load opoation also takes place m this mode. How- 
ever, if tiie load increases, an automatic change in the direction of operation m charge 
mode lakes place virhere a voltage change on the serial resonant capacitor feedback 
dependmg on &e actual current demand of the output is used as the feedback signal to 
ihe control circuit FuU-time operation in charge mode could be critical because power 
supplies might have problems with starting in charge mode as no feedback signal oc- 
curs in the start-up simation and might have problems with stabiUiy in light load. This 
problem is completely solved by letting the start and light load take place in frequency 
mode, and only use charge mode operation if the ou^ut current mcreases. Under nor- 
mal operation, a combinaljon of frequency mode and charge mode is possible where 
direct charge mode operation only takes place at high load. 
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In the following, the iuvention is described according to drawings, where 

fig. 1 shows a diagram of one possible embodiment from state of the art, 
fig. 2 shows a first embodiment of the invention, and 

5 fig, 3 shows a further embodiment of the invention. 

Fig. 1 describes a switch mode power stq)ply 2 having a power input terminal 4 j 
marily for DC-power, and output terminals 6, 8 between which the power supply < 
delivCT DC-power. Semiconductor switches 10, 12 are connected so that if switch 

10 is open, switch 12 is closed. Hereby, the voltage at the connection point 14 betwt 
the two semiconductor switches 10, 12 changes finom zero and to flie input E 
voltage. The point 14 is connected to a first coil IS &om where current is flowing 
a coil 16, which is part of a transformer 18. The coil 16 is fixrthcr connected to a 
pacitor 19. The transformer 18 contains fiirtfaer a coil 20, yAddb is connected to r&i 

1 5 fier mean$» which can be formed as a bridge rectifier 20 having an input terminal : 
A rectified DC power is delivered at die ou^ut 24 towards the output terminals i 
between which a capacitor C-out and a resistor R-load are shown. A feedback sig 
26 is connected to the output tem)inal 6. The feedback signal 26 is sent to an er 
- . . . .amplifier 28, The now convertedieedback signal 29, is led for%»mrdSutojdjRCtdcaLiso 

20 tion means 30 which in practice is in the form of an optocoupler. This optocouplei 
connected to a pin 4 of the integrated circuit L6S98. Inside the integrated circuit 4 
an intomal power supply comprising a vpltage reference connected to the pin 4. O 
side tiie integrated circuit is the optocoupler connected to the pin 4 through a sei 
resistor. Also connected to the pin 4 a resistor is coimected to the earth connection. 

25 this way, all currents between two levels can be generated to flow fix>m the pin 4 c 
pending on the collector voltage on the transistor in the optocouplo: 30* In tiiis w^ 
the feedback signal level defines the current. A current change in the pin 4 leads t( 
change in size of the current in the constant current generators 42, 44. This leads tc 

30 cillating frequency js over the switching means 10, 12 and the coil \5. The coil 16 
the transformer and the capacitors 19 is changed according to the load. A switch! 
means 41 defines which of the constant current generators 42, 44 that are to be acti' 
Both, .cannot he actLvci at thia same time. The. jcommon. ^tput JScom 4he.4wo -const^ 
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current generators 42, 44 is led through a pin 3 at the integiated circuit Outside the 
pin 3 a capacitor 46 is connected. Charging a capacitor 46 by a constant current leads 
to a linear increase or decrease in voltage over the capacitor 46. In this way, a three- 
angle voltage is generated at the pin 3 of the integrated circuit This sign^ with a 
5 three^e voltage is over a line 32 led to the input of two comparators and a flip- 
flop. The output flip-flop 36 is switching its output depending on the input of the ter^ 
minal 32 and on a reference voltage. The output of the flip-flop 36 is connected to 
driving means 38, 40. Output tenninals at the integiated circuit are pin 1 1 and pin 15. 
Pin 1 J has the number 45 and pin 15 the numbw 43. Tliese are connected to the input 
10 of the semiconductor switdiing means 10, 12. 

in fig. 1. an apparatus operating in ftequency models described: In all situations, there 
is no option for changmg to another mode of operation. In most situations, this v^y of 
operation is sufficient especiaUy as this circuit is able to start automatically without 
15 the risk of not starting. 

Fig. 2 shows a second embodunent according to the invention. Fig. 2 is using a smith 
trigger control circuit From the switching means through the coil 15 to the optocou- 
pier the circuit is similar to fig 1 . bistead the concentration is on the changes that are 
made. From the transformer 18 connected at 51 at the connection between die coa 16 
as part of the transfonner 18 and the capacitor 19, a capacitor 52 is connected. This 
capacitor 52 is further oom»ected to a capacitor 54. whieh is further connected to the 
earth connection 56. Fmm the main point between the c^acitor 52 and 54. a feedback 
line 50 is connected. This feedback line is now further connected to the capacitor Cr 
and resistor Rr designated as 46,47 and connected to tlie negative input of a smith 
trigger. L6598 is replaced with a smith trigger control circuit J 34. The optocoupler 30 
is connected to the smith trigger control circuit 134 with two voltage controUed cur- 
rent generators. Dependmg on the output of the smith trigger, Cr 46 is charged or d^ 
charged with the current controlled by the output of the optocoupler. If Cr 46 was con- 
30 nected to the ground without the feedback 50 and Rr 47, we have normal fiequeucy 
control. The smith trigger ou^ut 136 is connected to driving means 138. 140 that is 
connected to switchmg means 10, 12. In opemtfon. the tF„^.a«gle voltage at the ca- 
pactor 46 is now receiving influence fiom the voltage which depends on the current 



20 



25 
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flowing through the coil 1 5. The current flowing through the coil 1 5,1 6 depends on i 
current of the transformer 18 and as such also on the current flowing in the coil I 
The current in the coil 20 depends on the size of the load connected to the output t 
minals 6)8. In this way, the signal picked up at die point. SI depends on the load oft 
5 output terminals. This signal is over the line 50 added to the voltage over the capaci 
46, In this way, the charging of the Cp 19 is used as a feedback signal, and if Cr 
was removed and Rr 47 was alone, this power supply would operate in charge mo( 
Charge mode is a critical mode of operation in that the power supply in charge, mo 
and light load the gain change. With Cr 46 connected by a combination where nom 
10 frequency mode is used at light load, and by inoneasing load, a soft change to chai 
mode takes place, and by ^ctreme high load, the charge mode is fully taken over by t 
control of the power simply* 

Fig. 3 partly contains the same circuit as described in fig. 1, but is modified accordi 
15 to fig. 2 in that the second feedback circuit is now changed to another way of opes 
tion. Now, the second feedback cirouit SO contains an inverter and amplifier circuit < 
which is necessary if L6598 have to be used The output of this inverter and amplifi 
60 is coimected through a capacitor 62 and a resistor 64 to the pin 3 of L6598, whii 

„ . - iscsmnectedJtajinjisdl^^^ 

20 62, a resistor 64 and a capacitor 66 is connected in serial. Furthermore, firom the cox 
mon point of die ciqpacitor 66, the capacitor 62 and the output fix>m the inverter ai 
amplifier 60 are connected to a capacitor 68 which is connected to the earth conne 
tion. 

25 In operation^ the inverter and amplifier circuit 60 is able to change the shape of tl 
signal SO into a signal shape that much better can be added to the signal generated t 
the capacitor 62 and resistor 64 ^^ch are connected to the pin 3 of the integrated ci 
cuit. An adjustment of the signal is possible by the parallel coupling of the resistor ( 
.and-the-capacitQi ;:_g2y-^,j-thg-nfilith 

30 in changing the size of the components. The resistor 64 and the capacitor 66 are fom 
ing a high pass filter, which has an impedance close to 64 in the whole operating an 
of the converter. The capacitor 66 is only a DC separation capacitor. In this way, tl 
ioipedance of ^134^,6^ is. clftse to 64. at low fi«jiiencgr ^qjetationandidoseL ta4S2. 
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high frequency operation. Hits gives charge mode comtrol at high load and firequenc 
mode at low load and a soft change between the two modes. 
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CLAIMS 



J . Apparatus (2) for converting power from a power input (4) to an output (6, 8) pow 
supply, which apparatus (2) comprises a resonance converter containing at least tv 
-sei^-coupled-semiconductor-s%^tches-fl>0r42^-ha^^^ 

tenxxinal (14) connected to at least one jSrst coil (15), connected to a coil 16 which 
pan of a transfonner (18) lm,v]ng a second coil (20) connected to rectifier means (2C 
which rectifier means (20) has its output (24) connected to output terminals (6, { 
v^ere a first feedback circuit (26) is connected from the output terminal (6) to an err 

10 amplifier (28), which error amplifier (28) is connected to an input (31) at a contr< 
circuit (34,134), which comprises output (36) that is connected ov^ driver means (3 
40) to the input (43» 45) of the semiconductor switches (10, 12), characterise 
in that the apparatus further comprises a second feedback circuit (SO) leading a sign 
from a capacitor Cp (19) connected in serial to the first coil (15) to a refisrence inp 

15 terminal (32,132) at the input of the control circuit (34^34), which second feedbac 
circuit (50) contains a signal depending on the actual change of the voltage over tt 
serial resonance capacitor Cp (19). 

•2r Apparatus accor dingrto'dainri', c-trami -C"t"eTl"S in that the second feedbac 
20 circuit (50) is connected fixmi the serial resonance c^Kicitor Cp (19) to at least or 
capacitor (52) where at least one further capacitor (54) is connected to a commo 
ground (56). 

3. Apparatus according to claim lor2^charactertsedin that the second feet! 
25 back circuit (50) contains an inverting amplifier (60), which output is connected to tb 
input terminal (32) through at least one capacitor (62). 



4. Apparatus according to claim 3, characterisedin that the ou^ut from ti 



'tnVSrShg ampjSfier'XSOJts*"connectedT£o a senai. connecfion ot a resistor {6^Sn3'sL 



30 ther capacitor (66), which serial connection I is coupled in parallel to the capacity 




(62). 
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5, Method for power conversion control In serial resonance switch mode power con- 
verters operating in frequency mode at normal operation where a first feedback signal 
from flie output is converted to an input to switching means characterise din 
that by increasing load, the mode of operation is changed into a charge mode control 
by a second feedback signal, which second feedback signal is based on the actual 
charging current on ibe serial resonant capacitor. 



in 



ABSTRACT 

The present invention relates to an apparatus and a method for converting power fioi 
a power input to an output power supply, where a first feedback ciTCuit is connecte 

fix)m the output terminal to m error amplifier^ which error amplifier is connected ov( 

S electric isolation means to an input at a control circuit, which output is connected ovi 
driver means to tihie input of the semiconductor switches. The scope of the invention : 
to reach a high effective and fast responding switch mode power supply in changin 
the mode of operation depending on the actual demand. This can be achieved with a 
apparatus or method if modified so that the apparatus further comprises a second feet 

10 back circuit leading a signal from a seiial resonance capacitor to a reference input tej 
minal at tihe control circuit, which second feedback drcmt contains a signal dependin 
on the actual cuncent in the coil. This way, it can be achieved that the signal aitibie sec 
ond feedback input at the control circuit now partly is under influrace of the signs 
that depends on the current flowing through the coil of the transformer. The cunei 

IS flowing through the first coil of the transfbmier is depending on the current flow'n 
through the output of the power supply. This means that at high Joad» a very powerfi 
signal will be transmitted through Ae second feedback at the control circuit that wil 
change the operation of the circuit i nto a charg e mode oper ation. As tfie load on th 
ou^ut is reduced, the influence of the second feedback signal will be reduced, and th< 

20 influence from the chat^e mode is reduced and the operation mode is changing bad 
into a frequency mode of operation. 

(Fig. 2) I 

25 
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